Back ground: Child malnutrition is a major public health problem in low income and middle income countries especially among marginalized populations. Stunting contributes to 14.5% of annual deaths and 12.6% of disability adjusted life years (DALYS) in under-5 years children. Objective: To identify factors contributing to stunting among a sample of children. Methods: A case control study was conducted at the National Nutrition Institute, Egypt. The study recruited 300 children aged 2-8 years, 148 stunted children as cases and 152 nonstunted as control. Anthropometric measurements were assessed, socio economic status was evaluated, dietary assessment was done using 24 hours recall and food frequency questionnaire, previous feeding practices, and morbidities in the last two weeks were assessed. Results: Four logistic regression models were developed to predict stunting based on the framework developed by the WHO. Mothers' education was the only socioeconomic predictor of stunting where low maternal education attainment was associated with stunting. Formula feeding during first six moth of life was associated with reduced stunting. Children with history of delayed milestones were 2.4 times more likely to be stunted (p=0.002) while children with history of rickets were four times more likely to be stunted (p=0.007). Both anemia and chest infection increased the risk of being stunting by two folds. Dietary predictors included milk, meat and calcium consumption where meeting milk and meat groups recommendation reduced risk of being stunted by 80% and 40% while reduced calcium intake by 1 mg increase risk of being stunting by 1%. Conclusion: maternal education, previous formula feeding, previous morbidities and decrease intake of milk and meat groups are significant predictors for stunting.
Introduction
Child malnutrition is a major public health problem in low and middle income countries especially among marginalized populations 1 contributing to almost one third of child mortality all over the world. Stunting contributes to 14.5% of annual deaths and 12.6% of disability adjusted life years (DALYS) in under-5 year's children 2 . Egypt ranked 11 among the 14 countries with the largest number of stunted children all over the world 3 . Also they reported that child's mortality associated with under nutrition has reduced Egypt's workforce by one percent. The World Health Organization conceptual framework published in 2013 showed the complex nature of the context, causes and consequences of stunted 6 . Poor nutrition in the form of inadequate breastfeeding and complementary feeding, house and family factors and infection are the main identified causes of stunting. With the resurge of stunting in Egypt, there is a need to reevaluate the contributing factors of stunting in Egypt within the WHO framework to develop sound public health intervention to overcome the problem of stunting and to reduce its economic and health consequences.
Methodology
Study setting and duration: The present study was carried out at the Short stature clinic at the National Nutrition Institute (NNI) in Egypt during the period from January till June 2014. Study design: A case-control study design was implemented. Sample size: The sample size was calculated by Open Epi sample size calculator. The calculation based on a confidence level of 95%, power 80%, ratio of control to cases is 1, and the least extreme Odds ratio to be detected is 2. The calculation revealed total of 268 subjects (134 cases and 134 controls). Recruitment: A purposive sample of 300 children aged 2-8 years old was recruited where 148 stunted children from the short stature clinic were selected as cases where height-for-age was less than -2SD according to the WHO height for age Zscore released on (2005) for under five children and 2007 for the 5-8years old children). One hundred and twenty five non-stunted children were recruited from the relatives of the attendants of other clinics at the NNI as control group. Children with short stature due to certain pathology like hormonal stunting, bone diseases, chronic diseases, genetic diseases, metabolic disorders, or who are on medication for growth promotion were excluded from the study. Official approval was obtained from the Public Health department committee. Informed consents were obtained from the mothers or care givers. Data collection: Parents/caregivers of all the children were subjected to an interview included socioeconomic, dietary, medical information and anthropometric measurements. An updated validated socio-economic questionnaire was used 7 addressing seven domains, education, occupation, family composition, house environment sanitation, economic status and health care services. The total score of the above questionnaire ranges from 0-84. Tertiles of the score was estimated and the socioeconomic status was classified to very low (score <36), low (score 36-46), middle (score 47-60) and high (score above 60). To assess the dietary intake of the children, 24 hours recall was used where mothers or the care givers were asked to list all the foods and beverages the child consumed the day prior to the interview elaborating 
Results
The basic characteristics of the studied sample are shown in table 1. The age ranged from 2-8 years with a mean age of 5.2 ± 1.97 years. Percent of children born in urban areas was 62.8% in case group and 78.3% in the control group. Thirty four percent of stunted children were the second born child while nearly thirty five percent were ordered the third child or more, while more children in the control group were the first born (55.3%). Nearly half of both groups had a history of breast feeding initiation in the first hour after delivery. Small percentages of both groups continued exclusive breast feeding for six months (16 figure 1 ; the percent of families that lie in the very low and low categories were significantly higher among stunted children. Almost 75% of families of stunted children were very low or low socioeconomic class compared to 46.7% of families of nonstunted. Almost 50% of families of nonstunted children were middle or high class compared to only 26.4% of stunted children families ( p=0.00). The results is demonstrated in figure 1 . Comparing the level of parent's education among cases and control mother's education was significantly higher in the control group 74.7% than the case group 50.7%. While one third of mothers of the case group were illiterate compared to 8.6% illiterate mothers in the control group. Correspondingly, father's education of non-stunted children was significantly higher compared to fathers of stunted children. The percentage of fathers who work as skilled worker or clerk (76.7 %) was significantly higher among control group (p value = 0.00) compared to case group (69.3%). As regards to home sanitation domain the different services were lower in the case group with significant difference in availability of municipal collection of solid wastes, flush latrine, and air conditioning (43.2% vs. 68.4%, 95.3% vs. 100%, and 87.2% vs. 94.1% respectively). The health care domain demonstrated significant difference between the two groups as regards source of receiving medical service. More than one third of the cases received medical services from public ones versus only 20% of the controls. Analysis of 24 hour recall for total calories and different nutrients by age as shown in table 4 demonstrated that; there was no significant difference in intake of total calories, macronutrients, and micronutrients among stunted and nonstunted children younger than 3 years. Comparing the intake of the children aged 2-3 years of this study to the recommended daily allowance 8 . , we found that both stunted and nonstunted children had high intake of total protein exceeding the RDA (16 grams/day). The stunted and non-stunted children had low intake of vitamin A, B1, B2 and C. Also the intake of both groups from calcium was almost 50% of the RDA and they had low intake of iron, magnesium, phosphorous and borderline intake of zinc. In the age group 4-8; intake of total calories and macronutrients was significantly higher in non-stunted children P < 0.01. Vitamin A, and Vitamin C intake was significantly higher among nonstunted children, also intake of minerals like Iron, Zinc, calcium and Phosphorous was higher in non-stunted children, however only calcium intake showed significant difference between groups (Pvalue 0.03). Comparing the intake of servings of different food groups to the recommendations of my plate as demonstrated in table 5 revealed that; there was no significant difference in the intake among the children aged 2-3 years, however both groups had low intake of different food groups. Regarding the intake of food groups of children aged 4-9 years of the studied groups, there was significantly higher intake of all food groups among non-stunted children. Generally more than half of the stunted children had less than the recommended servings of legumes and meat group, fruits and vegetables groups. Both stunted and non-stunted children had very low intake of milk and dairy products. Four logistic regression models were developed to predict stunting based on the framework developed by the WHO (6) . Mothers' education was the only socioeconomic predictor of stunting where low maternal education attainment was associated with stunting (OR= 0.87 and 95%CI= 0.80-0.94). Formula feeding during first six moth of life was associated with reduced stunting (OR 0.53 and 95%CI=0.31-0.9). Children with history of delayed milestones were 2.4 times more likely to be stunted (p=0.002) while children with history of rickets were four times more likely to be stunted (p=0.007). Both anemia and chest infection increased the risk of being stunting by two folds. Dietary predictors included milk, meat and calcium consumption where meeting milk and meat groups recommendation reduced risk of being stunted by 80% and 40% while increase calcium intake by 1 mg reduces risk of being stunting by 1%.
Discussion
Children malnutrition is a major public health problem with short and long term effects on both the child and its community. Although inadequate dietary intake, feeding practices in infancy, and recurrent illness were found to be the major direct causes of malnutrition in children, socioeconomic level is another contributor associated with malnutrition. The current study showed that morbidity demonstrated in past history of delayed milestones, rickets, anemia and chest infection were the major predictors of stunting. Also meeting recommended servings of meat and milk groups as well as calcium intake had protective effect against stunting as well as high maternal education attainment. In consistence with our findings previous work in Egypt reported low plasma level of calcium (9, 10) , high prevalence of iron deficiency anemia (9,10,11) among stunted children compared to non-stunted children. Also diarrhea and acute chest infection used to be the main acute illness of public health interest and their prevalence in a community is used as an indicator of children health status of this community 12 . The Egyptian Demographic and Health survey (2014) stated that the mothers of 14% of children under 5 years of age reported that their children had diarrhea within the 2 weeks before the survey. In addition, about 14% of the children of the survey had symptoms of acute chest infection within the 2 weeks prior to the study 4 . Only 3.7% of children in the present study had diarrhea and 29.7% had symptoms of acute chest infection. The difference in prevalence of acute illness compared to the EDHS data could be due to the difference in the sample structure as EDHS described the prevalence among children under 5 years, while this study was conducted among children aged 2-8 years. Also this study was conducted in winter where chest infection is prevalent than diarrheal diseases. Also, Gosh et al. Parental education is influential to the child health and nutritional status .Educated mother is aware of good nutritional choices, the importance of immunization, family planning and breastfeeding promoting her child's health. In addition high maternal education means better chance of having educated partner, good income occupation and better living conditions 15 . The present study found that one third of the mothers of stunted children were illiterate or can only read and write compared to 9.2% of the mothers of nonstunted children and that stunting was associated with low maternal education attainment. These findings were consistent with previous studies [14] [15] [16] [17] . Breastfeeding promotes linear growth 18 and early feeding malpractices accounts for nearly one third of malnutrition worldwide 19 . After 2 years of age, it is very difficult to reverse stunting that has occurred earlier unless food security and dietary environment of the child showed significant improvement.
The current study showed that almost all the children were breastfed and mothers initiated breastfeeding within one hour. However many mothers failed to exclusively breastfeed their children and introduced prelacteal fluids or supplementary foods before six month of age (84% among stunted and 79% among non stunted children). Prelacteal fluids included herbal drinks, formula and rice water .No association between early breastfeeding and stunting was established in support to previous study by Kuchenbecker et al. (2015) 20 and unlike findings by Alemayhu et al. (2014) who found that children who had initiated breastfeeding after 6 hours of birth were 4 times more likely to be stunted. Also a study conducted among Malawian children and another among Iranian children showed that children who were exclusively breastfed for the first 6 months were less likely to be stunted 20, 21 . Interestingly children given formula with breast milk in the first 6 months were significantly less likely to be stunted. On the contrary to our findings , other studies proved a significant relationship between formula feeding and stunting 22 .We cannot but speculate that early introduction of herbal drinks, a cultural norm, decreased breastmilk consumption and increased low nutritional value alternatives put children who received formula in better nutritional status. Diet with adequate amounts of milk and milk products, fruits and vegetables was reported to be protective against stunting. There are some nutrients thought to be more important than the others for growth of stature like protein 23,24 iron 11 , zinc and calcium 24 . In order to interpret the dietary data in the current study, children were grouped according to their age and dietary requirements into 2 groups, 2-3 years and 4-8 years of age. No significant differences in daily nutrient intakes or number of children who met recommended servings of different food groups were observed between stunted and non stunted children 2 -3 years of age (N=54). Previous studies conducted among younger children 12-24 months old supported the results with no difference in nutrients intake between stunted and non stunted children 26, 27 . In addition, Theron et al. (2006) 27 conducted a similar study in South Africa among children and found no significant difference in the frequency of intake of different food groups in both stunted and non-stunted children. stature in children aged less than 2 years. They found that regular consumption of animal source food has positive effect on growth of stature and is negatively related to stunting. Dietary intake of children aged 4-8 years in the present study showed that stunted children had significantly low mean intakes of total daily calories, macronutrients and vitamin A, C, calcium, magnesium, iron and zinc. These results are supported by another study conducted in Egypt on children aged 2-5 years 10 Current study showed that meeting milk and meat group recommendations reduced risk of being stunted by 80% and 40% respectively. Moreover, more than half of the stunted children did not meet the recommended servings of all food groups except grain -pasta food group (42%). The milk-dairy group and meat group were food groups of special interest when studying growth of stature. Previous studies conducted in Egypt among 2-6 years old children and 5-19 year old school children found that stunted children had lower intake of dairy products, meat, sugar, fruits, vegetables and beverages, the percent of children who consumed small amounts of milk and dairy products was significantly higher in stunted children 16 . Our results confirm findings of studies from Iran and other developing countries where stunted children were found to consume less of different food groups 21 or that high consumption of meat or animal foods 29, 30 or milk 31, 32 .Interestingly an intervention study conducted in Kenya provided milk, meat, extra calories to three intervention groups. They reported that the milk group had the highest increase in height compared to the other groups and children of meat group gained weight but didn't gain height 24 Limitations to be considered when interpreting the results of the present study include the wide age range of the studied group and its retrospective nature which possibly results in recall bias specifically of complementary feeding practices although all interviews were collected by one researcher to ensure consistent technique and interpretation of the caregiver answers. It should be also noted that epidemiological studies of this kind do not establish causality but may suggest associations and results cannot be generalized because the sample was conveniently selected and sociodemographically homogenous being governmental service recipients. In conclusion, implementing the WHO framework for causes of stunting among children in the present study assisted in identifying strong morbidity and dietary predictors of stunting among a convenient sample of Egyptian children however there is need to test the model in more diverse population among children under two years of age or to develop a cohort study of newborn to better explain onset of stunting its causes and consequences. Meat and milk groups as dietary predictors and repeated infection could be directed to identify children at risk of stunting by health care providers to reduce the prevalence of stunting. Maternal education an important social predictor indicates the urgent attention to girl education and requires the health systems to be more creative to deliver simple and effective messages to mothers encouraging healthy complementary feeding practices and complementary food from local market. It is also important to explore expansion of social net to develop a food nutrition program geared to mothers with children under two years of age to ensure healthy food choices and feeding practices.
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